Experiments with constructs longer than 42 amino acids, therefore, contained 1000 units of the 'phantom molecule' B42, while experiments with HemK42 did not. Since the total concentration of initiation complex in each experiment was 1 unit, these steps were pseudo first order with an apparent rate of k trans , and did not slow down during the course of the simulated experiment. The same rate of translation (k trans ) was used for each step in the kinetic model, but the rate constants describing translational pausing (k trap,38 , k rec,38 , k trap,78 , and k rec,78 ) were independent during the fitting procedure. Each fit, therefore, involved 5 independent rate constants. Fig. 1 . B) were assumed to be identical to the corresponding on-pathway intermediates (HemK 38 and HemK 78 respectively). For the PET data, it was necessary to apply scaling factors and fluorescence offsets to the observables for some experiments to account for day-to-day variation in signal amplitudes. Scaling factors were also applied to observables describing translation time courses in order to account for uncertainty in experimental endpoints.
In order to obtain reasonable estimates for the kinetic constants, a preliminary fit was performed where only the translation time courses were fitted to the kinetic model. Next, the fluorescence time courses were added to the fit in order determine the IFI values. The first fit provided very few defined IFIs since the uncertainty in many of the IFI values was larger than the IFI itself. To improve precision of the IFI values the number of IFIs was reduced by grouping intermediates of similar lengths and defining a single IFI for the group. Only neighboring IFIs were grouped: HemK50 and HemK51 might be grouped, for example, but HemK50 and HemK52 would not be grouped unless the group contained HemK50, 51, and 52. The six S4 constructs that were explicitly translated in the study (HemK42, 56, 70, 84, 98, and 112) were well defined at the outset and generally not included into groups. The one exception being a group of HemK41, 42, and 43 in the PET data set, which was necessary to define the intermediate lengths 41 and 43. Grouping was carried out in an iterative fitting procedure.
Following a fit, intermediates represented by undefined IFIs would be grouped and another fit carried out. Intermediates were grouped first if neighboring groups had similar but undefined IFIs. If no such groups were present, neighboring groups with undefined IFIs were grouped, first in groups of two, then four, etc. A new round of fitting was carried out each time a group was changed, and the quality of the resulting fit was evaluated by  2 analysis as implemented in the KinTek software. Uncertainties in the maximum-likelihood parameters were determined based on the covariance matrix derived during non-linear regression in KinTek. For the PET data sets, PET(+Trp) was fitted first, and these groupings applied to the PET(-Trp) data sets. It was necessary, however, to split two groups (HemK 85-97 and 99-111) in order to obtain statistically significant fit to the PET(-Trp) data. Fitting and regrouping was then performed iteratively on PET(-Trp) and PET(+Trp) data sets until both data sets could be adequately fitted with the number of IFIs and the same groups of intermediates. The χ , and
